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This  research  had  two  goals,  the  development  of  coupled  cluster  theory  and  the 
application  of  molecular  electronic  structure  theory  to  the  alkali  dioxide  molecules 
Li02,  Na02,  and  K02.  Work  on  the  latter  three  molecules  was  undertaken  based  on 
the  U.  S.  Army's  interest  in  molecular  aspects  of  the  suppression  of  muzzle  flash  asso¬ 
ciated  with  high-performance,  large  caliber  systems. 

The  research  on  coupled  cluster  theory  was  successful  far  beyond  the  aspirations 
of  our  initial  proposal.  As  the  list  of  publications  shows,  we  were  able  to  take  the  sin¬ 
gle  and  double  excitation  coupled  cluster  method  (CCSD)  from  an  exotic,  fringe  tech¬ 
nique  to  the  very  center  of  applied  quantum  chemistry.  Critical  to  this  remarkable 
transformation  was  the  formulation  of  an  analytic  gradient  method  for  the  CCSD 
method. 

A  sustained  effort  on  the  Li02  and  Na02  molecules  was  begun  during  the  first 
year  of  the  three-year  grant  period.  As  discussed  in  our  sixth-month  progress  reports, 
however,  unusual  difficulties  (specifically  symmetry-breaking)  were  discovered  for 
Li02.  However,  all  these  problems  were  eventually  solved,  resulting  in  a  massive  and 
truly  definitive  paper,  to  be  submitted  for  publication  very  shortly. 

As  the  Li02  problem  was  in  the  final  stages  of  solution  and  work  using  the  same 
methods  well  underway  for  Na02,  the  Army  Research  Office  notified  us  that  they 
would  not  support  this  research  for  the  third  year  of  the  three-year  grant.  Thus  our 
ARO  research  officially  ended  on  May  14,  1988.  Scientific  integrity  requires  that  we 
complete  the  research  on  Na02,  but  it  was  not  possible  to  begin  the  proposed  studies 
of  K02  and  its  reactions. 
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